(1) The biology of two populations of Salicornia europaea agg. from the upper and lower levels of Stiffkey salt marsh on the north Norfolk coast was examined. Although seeds of both populations germinate in spring, upper-marsh seedlings grow little until July. In contrast, individuals from the lower marsh show continuous growth throughout the summer.
In late summer, when tides are large and the sea floods the upper marsh, conditions ameliorate. Growth rate increases, and is associated with flowering and seed-set. Stearns (1977) has suggested criteria necessary to interpret differences in life-history traits between populations. They include the following: the growth of plants under controlled conditions in order to isolate the genetic component of variability observed in the field; measurement of environmental conditions associated with differences in reproductive traits; degree of density-dependent or density-independent regulation; year-to-year variability in mortality; and measurement of reproductive effort. As far as practicable these criteria have been adopted for this study. Evidence of genetic differentiation between populations, and of the underlying differences in environmental conditions between the upper and lower marshes, has been reported previously (Jefferies 1977; Jefferies, Davy & Rudmik 1979 ). This paper describes experimental studies on the phenology of the two populations of Salicornia, and presents demographic data relating to the natural regulation of population size.
MATERIALS AND METHODS
The study sites The upper marsh and the lower marsh at Stiffkey (National Grid reference TF 964441) are separated by an old sand dune which runs parallel to the coast. Species which are at high frequency on the flat areas of the lower marsh away from the creeks include Aster tripolium*, Halimione portulacoides and Salicornia europaea agg. There is a relatively rich plant community in the upper marsh at sites adjacent to old pools. It consists mainly of Limonium vulgare, Puccinellia maritima, Salicornia europaea agg. and Triglochin maritima. The vegetation of the Norfolk coastal salt marshes has been described by Chapman (1938 Chapman ( , 1939 Chapman ( , 1960 , and Jefferies (1976) has provided a recent general account of the coastline.
Chromosome number Both tetraploid and diploid populations of Salicornia europaea agg. occur in salt marshes (Dalby 1962; Ball 1964) . In order to determine the somatic chromosome number of plants from the two populations at Stiffkey, developing embryos from individuals of the two populations were fixed in acetic alcohol (4: 1 v/v, glacial acetic acid and ethanol) in August 1978. The chromosomes were stained with a solution of propionic orcein, before tissue squashes were prepared and the chromosomes counted.
Water and nutrient experiments on the growth of Salicornia Lack of growth of individuals in the upper-marsh population during much of the summer may have been either a phenotypic or a genotypic response. If the lack of growth is a phenotypic response, additions of water or nitrogen or both should alleviate hypersalinity or a deficiency of nitrogen and provide conditions suitable for growth. Accordingly, in 1976 two latin-square experimental plots, of similar design to those described by Jefferies & Perkins (1977) , were set up in the upper marsh to examine the effects of additions of sea water and nitrogen on the growth of Salicornia.
At each site care was taken to select by subjective judgement a plot of sufficient size in which the distribution of Salicornia was uniform, and in which the difference in height of sediment surface across the plot was less than 0.5 cm. At each site the experimental plots were laid out in the form of a latin square, 5 x 5 m. The plot was designed to give five rows and five columns, and each of the twenty-five sub-plots was 50 x 50 cm. Between the rows and columns were strips 50 cm wide which allowed access to the sub-plots. Throughout the season from early May, inorganic salts were applied to designated sub-plots once every 10-14 days, depending on the tidal regime. When necessary, additions of salts were made immediately following the time of spring tides so that salts would not be washed away. Amounts of sodium nitrate or ammonium sulphate added on each occasion were equivalent to those used by Willis (1963) , and were 10-05 g and 7.95 g per sub-plot, respectively. Two sub-plots in each row or column received sodium nitrate and two plots received ammonium sulphate; the remaining plot served as a control. Salts were crushed and spread carefully across plots by hand. One set of sub-plots receiving a particular nitrogen treatment was used for measurments of standing crop. Plants in the other set of sub-plots, receiving an identical treatment, were analysed for nutrients. Results of the latter study will be reported elsewhere.
One of the experimental plots in the upper marsh in 1976 received approximately 600 cm3 of sea water three times a week, in addition to the salts supplied. The sea water was added throughout the experimental period (May to August), except during periods in July and August when the sea, at spring tides, flooded the upper marsh. Although the sea did not flood the site between May and early July, it did nearly fill the creeks, which were approximately 10 m from the experimental plots. Thus, sea water could be pumped mechanically from a creek to water the plots. Additions of salts were not made on days when water was added to plots. Turfs were cut from the different sub-plots at intervals of 10-14 days in order to estimate the standing crop of Salicornia. On each sampling occasion, one turf of diameter 10 cm was taken at random from each of five sub-plots receiving a particular treatment. Plants of Salicornia in the turfs were harvested, washed in tap water for 2 min, dried at 80 0C and weighed. The results are expressed as g m-2.
The study of the effect of additions of nutrients on the growth of Salicornia was extended in 1977 to include populations in both the upper and lower marshes. The summer was wet, and the salinity of the interstitial water in the rooting zone of sediments in the upper marsh was only just above that of sea water (Jefferies, Davy & Rudmik 1979), hence plots were not watered with sea water. Experimental plots of similar design to those described above were laid out in the upper and lower marshes. Additions of nitrogen salts were made to the plots once every 10-14 days. In both plots there was a uniform distribution of Salicornia. Measurements of standing crop were made on turfs as described previously. Parallel experiments (see below) showed there is no persistent seed bank of Salicornia in the sediments. Each generation is discrete, and there is virtually no overlap between generations. Hence it is possible to calculate the probability of a seed producing an adult plant. The number of seedlings in twelve 5 x 5-cm plots at the two sites was counted in May and June 1979, in order to estimate the probability of a seed producing a plant.
Reciprocal transplant experiment

Germination studies
In order to determine that there was no persistent seed bank in these populations, turfs were collected on a number of occasions from both areas in the upper and lower marshes between February 1979 and October 1979. Subsequently each was divided into four 10 x 10-cm units. These smaller turfs were placed in a growth cabinet at 20 OC, with a photosynthetically-active photon flux density of 100,uEinstein m-2 s-1 for 16 h of each 24-h cycle; for the remainder of the time the cabinets were kept dark. The number of seedlings of Salicornia which emerged over a period of 6 weeks was counted, and the results expressed on a unit-area basis.
RESULTS
Cytological and taxonomic status of the two populations
The diploid number of chromosomes (2n = 18) was present in the cells of the developing embryos of the twelve plants examined from each population. No tetraploid plants were found within the two populations. This is consistent with the morphological evidence, based on anther size, which indicated that the two populations belonged to the Salicornia Fig. 1(a) ) not only failed to modify the growth pattern but resulted in a final yield similar to that of untreated plots (Fig. 1 (b) ). The growth pattern of Salicornia in the lower marsh was very different from that in the upper marsh (Fig. 1 (c) ). In both the treated and untreated plots, growth of individuals was continuous from May to September, and there was no increase in growth rate late in summer. Although additions of nitrogen resulted in higher yields of Salicornia, the percentage increases were relatively small, about 30%, compared with more than 500% for the upper-marsh population of Salicornia. Except at low neap tides, sea water covered the low marsh at high tide throughout the experimental period.
The growth patterns characteristic of each population were maintained when plants were reciprocally transplanted (Fig. 2) The survivorship curves mirror (i.e. are the inverse of) the growth curves (Fig. 2) . In the upper-marsh population, before late summer few plants died on the plots, and the mean weight of plants altered little from early May to late June. Loss of individuals occurred in late summer, when growth and development of Salicornia resulted in a marked increase in the mean weight of individuals (Fig. 2) . On plots in the lower marsh, plants died continually from late April to late August. This loss was correlated with a steady increase in the mean weight of the surviving plants throughout the period of study.
Density
In the permanent plots in both the upper marsh and the lower marsh the proportion of plants which died before flowering appeared to depend upon conditions prevailing in each plot, and not upon the density of Salicornia seedlings per se (Fig. 4) . Within these plots, where there was a fifty-fold range in plant density, there was no evidence of density-dependent mortality of plants. Birth rate, however, was strongly densitydependent. The number of seeds produced per plant depended upon plant density in both the upper and lower marshes ( 1968 ). These hairs may assist in anchoring the seed to the sediment. Besides these biological features restricting seed movement, the sea rarely floods the upper marsh during November or December, so that in any event the number of seeds transported over long distances is likely to be small. Experiments are in progress to determine the ability of Salicornia to colonize sediments in different parts of the marsh.
The results indicate that there are at least two biologically distinct populations of Salicornia europaea agg., within which inbreeding predominates, and that each population possesses a series of characteristics that either restricts, or reduces the effects of, gene flow.
The growth pattern of plants in the upper marsh appears to be strongly determinate (Harper & White 1974) , in that there is a long period of slow vegetative growth before an increased rate of growth associated with sexual reproduction. Additions of sea water or nitrogen salts or both almost completely failed to modify the growth rates during this period of vegetative growth (Fig. 1) . The results of the reciprocal transplant experiment show that the seasonal growth pattern is maintained when plants are transplanted to the lower marsh (Fig. 2) . The lag phase is characteristic of organisms living in an environment exhibiting cyclic stability (Orians 1975 The probability of an individual of Salicornia europaea agg. surviving different stages of the life cycle from seed maturation to maturity is given in Table 2 . The risk of death before maturity is extremely high in both populations. The probability of a seed producing a mature flowering plant in either population is less than 0.081. High mortality occurs between the production of ripe seed and seedling establishment. Although seed production is strongly density-dependent in populations of Salicornia, the number of seeds per plant is similar to that of Minuartia uniflora, whereas Vulpiafasciculata on average produces only 1 7 mature seeds per plant, of which 90% germinate.
All plants respond to an increase in density, either through an increase in mortality or a plastic response in the growth and reproductive capacity of individuals, or both. The density-dependent regulation of number of seeds produced per plant was the only regulation of this kind recorded for the Salicornia populations (Fig. 5) . Although mortality was high throughout the life cycles, it appeared to be density-independent (Fig.  4) gives an equilibrium population density for an area of 1 m2 for any value of P, where P is greater than the minimum value of P necessary to maintain the population. The equilibrium population density becomes increasingly sensitive to a decrease in the probability of a seed producing a mature plant. If it is assumed that the population density in the upper and lower marshes is at equilibrium, then the estimated values of P (calculated from Equation 2) which correspond to the observed densities may be calculated (Table 3) . These values of P are similar to the estimates of P derived from observations in the field (Table 2) . Although it is unsatisfactory to state that there is never any overlap between generations and that the populations are close to their equilibrium density on the basis of data for one year only, it can be concluded that the density of the Salicornia populations is largely a function of a density-dependent birth rate and a density-independent death rate.
Environmental factors which account for the density-independent death rate are being investigated, but it is already evident that seedling-emergence is a critical phase for the 
